TITLE OF THE INVENTION 

WEIGHT MEASUREMENT APPARATUS, METHOD OF ELIMINATING 
NOISE AND METHOD OF DESIGNING DIGITAL FILTER 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a filtering technique carried out by using a 
digital filter. 

Description of the Background Art 

A weight measurement apparatus for measuring a weight of an article typically 
employs a weight sensor such as a strain gauge load cell or a force balance. The weight 
sensor has a natural frequency which is subject to a total weight of a weight of an article 
and a tare thereof. When external vibration at frequencies in a band including the 
natural frequency acts upon a weight measurement system, external vibration at a 
frequency close to the natural frequency is amplified, to work as a vibration noise, which 
then emerges in a weighing signal output from the weight sensor. It is noted that such a 
vibration noise will be hereinafter referred to as a "natural frequency noise" throughout 
the present specification. 

Also, in measuring a load of a transfer system, a noise caused due to vibration 
of a rotation system such as a motor for driving a conveyor belt or a transfer roller, or an 
electrical noise associated with a commercial power supply, works as a vibration noise 
which is superimposed on a weighing signal. 

A weight measurement apparatus developed in recent days has employed a 
digital filter for eliminating such a vibration noise as described above which is contained 
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in a weighing signal. A digital filter is relatively impervious to influence of aging or an 
environment, and filtering characteristics thereof can be relatively easily altered. 
Among various types of digital filters, a finite impulse response (FIR) filter has been 
preferably employed in view of its excellent stability. 
5 As described above, a natural frequency of a weight sensor is subject to an 

article weight and a tare. Thus, if an article weight or a tare is changed, it results in 
change in a frequency of a natural frequency noise associated with the weight sensor. 
Formerly, change in frequency of a natural frequency noise caused due to change in 
article weight was negligible because a tare, e.g., a weight of a conveyor, was dominant. 

10 However, in recent days, there has been arisen a demand for accurate measurement of a 
weight of a light article, which involves reduction of a tare. For this reason, such change 
in frequency of a natural frequency noise caused due to change in article weight has 
become too significant to neglect. On the other hand, a frequency of a vibration noise 
associated with a motor or a transfer roller is changed in accordance with specifications 

15 of a transfer system such as a transfer speed, for example. Hence, it is desired to achieve 
a digital filter which is capable of surely eliminating a vibration noise in spite of change 
in frequency of the vibration noise which occurs due to change in type or size of an article 
under measurement, or change in specifications of a transfer system. 

In accordance with the conventional practices, a digital filter formed of 

20 multistage moving average filters is employed in order to surely eliminate a vibration 
noise contained in a weighing signal, as taught in Japanese Patent No. 6-21814 
(hereinafter referred to as "JP 6-21814") . 

More specifically, JP 6-21814 teaches a method in which respective moving 
average values of the multistage moving average filters are differentiated from one 

25 another to provide a plurality of notches in a frequency range within which a frequency of 
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a vibration noise would be changed, thereby surely eliminating the vibration noise. 

Additionally, an example of a method of designing an FIR filter is described in 
"Design of FIR Transmitter and Receiver Filters for Data Communication System" by 
Naoyuki Aikawa et al. in Transaction of IEICE, Vol. J79-A, No. 3, March 1996, pages 
5 608-615, which shows a technique using successive projections method. 

According to the method shown in JP 6-21814, a frequency range within which 
a frequency of a vibration noise would be changed is presumed and the number of stages 
of the moving average filters is determined in accordance with the frequency range as 
presumed, in a step of designing a digital filter. As such, in a situation where the 
10 frequency of the vibration noise falls outside the presumed frequency range for some 
reason such as addition of a specification after designing the digital filter, it is required to 
design a digital filter all over again. 

In this regard, to initially design a digital filter which allows for addition of a 
specification in a weight measurement apparatus requires preparing numerous multistage 
15 moving average filters, which results in increase of a circuit scale of the digital filter. 

On the other hand, as an alternative to the method taught in JP 6-21814, there 
has been proposed a method in which a plurality of filter coefficients representing 
different attenuation characteristics are previously stored. According to this method, 
each time a frequency of a vibration noise is changed due to change in specifications or 
20 the like, one of the stored filter coefficients is retrieved in accordance with a new 
frequency of the vibration noise after the change, to be used. However, this alternative 
requires previously storing numerous filter coefficients in order to surely eliminate a 
vibration noise at a wide range of frequencies, which results in increase of a circuit scale 
of a memory for storing the filter coefficients. 

25 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a filtering technique which 
makes it possible to easily and appropriately eliminate a noise without increasing a scale 
of a circuit necessary for a filtering process even if a noise frequency is liable to be 
5 changed. 

According to the present invention, a weight measurement apparatus includes a 
signal processor and a filter coefficient calculator. The signal processor carries out a 
filtering process on a weighing signal which is obtained by digitizing a signal resulted 
from detection of a weight of an object, by using variable filter coefficients. The filter 

10 coefficient calculator calculates the filter coefficients using a predetermined arithmetic 
expression and outputs the filter coefficients to the signal processor. The arithmetic 
expression includes a parameter specifying a band position of an attenuation band where 
attenuation is to be enhanced locally in a stopband of amplitude characteristics of the 
filtering process. The filter coefficient calculator substitutes an input value of the 

15 parameter into the arithmetic expression, to change the filter coefficients so that the 
attenuation band is movable to the band position specified by the parameter. 

The present invention is also intended for a method of eliminating a noise 
employed in a weight measurement apparatus. 

The filter coefficients can be changed by using the parameter specifying the 

20 band position of the attenuation band which is physical and thus easy to grasp. As such, 
even when a frequency which must be attenuated is changed, it is possible to easily move 
the attenuation band by referring to information about a new frequency which must be 
attenuated. Accordingly, a frequency of a noise included in a weighing signal, which is 
liable to be changed, can be filtered out easily and appropriately. Further, since the filter 

25 coefficients are obtained by the arithmetic expression, there is no need of preparing 
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multistage filters or previously storing filter coefficients representing different 
characteristics. This makes it possible to reduce a scale of a circuit necessary for the 
filtering process and to thus provide a low cost weight measurement apparatus to users. 

Preferably, the arithmetic expression is an approximate expression based on at 
5 least three sequences of reference filter coefficients, the at least three sequences of the 
reference filter coefficients correspond to reference amplitude characteristics of the 
filtering process in three or more reference band positions, respectively, and the band 
position of the attenuation band is specifiable by the parameter within a frequency range 
from the lowest one out of the three or more reference band positions to the highest one 

10 out of the three or more reference band positions. 

The arithmetic expression for the filter coefficients is obtained by using not 
only information about reference amplitude characteristics in opposite ends of a 
frequency range within which the band position of the attenuation band can be specified 
by the parameter, but also information about reference amplitude characteristics in a 

15 middle portion thereof. This prevents a considerable difference between an appropriate 
bandwidth and a bandwidth of the attenuation band in the middle portion of the above 
noted frequency range. 

The present invention is also intended for a method of designing a digital filter 
in which a band position of an attenuation band where attenuation is to be enhanced 

20 locally in a stopband of amplitude characteristics is variable. According to the present 
invention, the method includes the steps (a) through (c). The step (a) is to calculate a 
plurality of sequences of reference filter coefficients based on reference amplitude 
characteristics of the digital filter. The step (b) is to approximate filter coefficients of 
the digital filter using a predetermined arithmetic expression including a parameter 

25 specifying the band position of the attenuation band, based on the plurality of sequences 
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of the reference filter coefficients. The step (c) is to calculate the filter coefficients 
using the predetermined arithmetic expression. The step (c) includes the step of (c-1) 
substituting a value of the parameter into the predetermined arithmetic expression, to 
change the filter coefficients. The attenuation band is moved to the band position 
5 specified by the parameter by performing the step (c-1). 

The filter coefficients are changed by using the parameter specifying the band 
position of the attenuation band which is physical and thus easy to grasp. As such, even 
when a frequency which must be attenuated is changed, it is possible to easily move the 
attenuation band by referring to information about a new frequency which must be 

10 attenuated. Accordingly, even if a noise frequency is liable to be changed, it is possible 
to eliminate a noise easily and appropriately by utilizing the designing method according 
to the present invention. Further, since the filter coefficients are obtained by the 
arithmetic expression, there is no need of forming the digital filter with multistage filters. 
This makes it possible to reduce a scale of the digital filter. 

15 These and other objects, features, aspects and advantages of the present 

invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 is a block diagram illustrating a structure of a weight measurement 

apparatus according to a preferred embodiment of the present invention. 

Fig. 2 is a graph showing amplitude characteristics of a filtering process in a 
signal processor according to the preferred embodiment of the present invention. 

Fig. 3 is a flow chart illustrating operations for measuring a weight in the 
25 weight measurement apparatus according to the preferred embodiment of the present 
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invention. 

Figs. 4 through 8 are graphs showing amplitude characteristics of an optimum 

filter. 

Fig. 9 shows values of coefficients gj s j. 
5 Figs. 10 through 13 are graphs showing amplitude characteristics of the 

filtering process in the signal processor according to the preferred embodiment of the 
present invention. 

Fig. 14 shows respective maximum errors of the optimum filter and a filter 
used in the signal processor according to the preferred embodiment of the present 
10 invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a block diagram illustrating a structure of a weight measurement 
apparatus according to a preferred embodiment of the present invention. As illustrated 

15 in Fig. 1, the weight measurement apparatus according to the present embodiment 
includes a weight sensor 1 such as a strain gauge load cell or a force balance, an amplifier 
2, an analog filter 3, an A/D converter (which will be hereinafter referred to as an 
"ADC") 4, a signal processor 5 3 a filter coefficient calculator 6, a data entry part 7 and a 
coefficient storage part 8. 

20 The weight sensor 1 detects a weight of an object under measurement, which is 

notified by a weight measurement system, and outputs a result of the detection to the 
amplifier 2, as a measurement signal ms. The amplifier 2 amplifies the measurement 
signal ms input by the weight sensor 1, and outputs it to the analog filter 3, as an 
amplified signal MS. The analog filter 3 removes an unnecessary higher frequency 

25 component from the amplified signal MS, to output a resultant signal as an analog signal 
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As. The ADC 4 samples the analog signal As output from the analog filter 3 at 
predetermined sampling intervals, to generate a digital signal which is quantized to be 
represented by the predetermined number of bits and then output the digital signal to the 
signal processor 5, as a weighing signal Ds. 

The signal processor 5 carries out a filtering process on the weighing signal Ds 
input by the ADC 4, using a FIR filter, and outputs a result of the filtering process to a 
microcomputer (not illustrated), as a signal Xs. Then, the microcomputer calculates the 
weight of the object based on the signal Xs and displays a result of the calculation on a 
display part (not illustrated). It is noted that generally, a frequency response H (e*") of a 
2Nth order FIR filter is expressed by the following equation (1): 

N 

H(e ,C0 )= Z ajcosico ... Equation (1). 

i=0 

In the equation (1), "a" (i =0, 1, 2, N) represents filter coefficients. Also, 
" co " represents a normalized angular frequency, that is, an angular frequency normalized 
by using a sampling frequency used for a filtering process on data. In the present 
embodiment, an angular frequency which is normalized by using a sampling frequency 
used for the filtering process on data carried out by the signal processor 5 corresponds to 
the normalized angular frequency represented by " co ". It is noted that the terms 
"normalized angular frequency" will hereinafter mean such an angular frequency as 
defined above, i.e., an angular frequency which is normalized by using a sampling 
frequency, throughout the present specification. 

Fig. 2 is a graph showing an example of amplitude characteristics of the 
filtering process carried out by the signal processor 5. As shown in Fig. 2, the FER filter 
used in the signal processor 5 is a low pass filter, so that an attenuation band 9 where 
attenuation is locally great is present in a stopband of the amplitude characteristics. The 
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weight measurement apparatus according to the present embodiment can function to 
change a band position of the attenuation band 9. More specifically, the weight 
measurement apparatus can function to move the attenuation band 9 to a higher frequency 
position or a lower frequency position. It is noted that the terms "attenuation band" will 
5 hereinafter mean a band where attenuation must be enhanced locally in a stopband, like 
the attenuation band 9 shown in Fig. 2, throughout the present specification. 

The filter coefficient calculator 6 calculates sequences { a* } of the filter 
coefficients a\ in the above equation (1) using the following equation (2), and outputs a 
result of the calculation to the signal processor 5: 

M 

10 aj = bj(x)= Eg u x M - J = g i)0 x M +g i , l x M -' + ... + g ij M-ix + g i , M ...Equation (2). 

In the equation (2), "gi,j"G = 0> 1, 2, ... M) represents coefficients. Also, "x" 
represents a parameter specifying a band position of an attenuation band, and a value 
substituted for x is varied in accordance with the position of the attenuation band. As 
shown in the equation (2), the filter coefficients ai are expressed by a polynomial 
15 including a plurality of terms for the parameter x. Then, by substituting the equation (2) 
into the equation (1), the frequency response H (e jcu ) can be expressed by the following 
equation (3): 

N M 

H(e ,w )= Z _Lg u x M - J cosia> ... Equation(3). 

The coefficient storage part 8 is a ROM (Read-Only Memory), for example, 
20 and previously stores values of the coefficients gij. The values of the coefficients gy 
are read out from the coefficient storage part 8 by the filter coefficient calculator 6. 

The data entry part 7 is a keyboard, for example, and receives a value of the 
parameter x which is input by a user external to the weight measurement apparatus. The 
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data entry part 7 then outputs the received value of the parameter x to the filter coefficient 
calculator 6. 

Next, operations for measuring a weight of an object in the weight 
measurement apparatus according to the present embodiment will be described with 
5 reference to a flow chart in Fig. 3. 

As illustrated in Fig. 3, power is supplied to the weight measurement apparatus 
in a step si. In a subsequent step s2, the filter coefficient calculator 6 reads out the 
values of the coefficients gij from the coefficient storage part 8, and further reads out an 
initial value of the parameter x which is previously stored therewithin. 
10 Then, the filter coefficient calculator 6 substitutes the values of the coefficients 

gi, j and the initial value of the parameter x into the equation (2), to calculate one sequence 
{ajof the filter coefficients and output it to the signal processor 5, in a step s3. As a 
result, a band position of an attenuation band in filtering characteristics exhibited in the 
signal processor 5 is set to an initial position specified by the parameter x. It is noted 
15 that the filter coefficients aj can be calculated promptly because the equation (2) for 
calculating the filter coefficients aj are expressed by a polynomial. 

Thereafter, in a step s4, the signal processor 5 carries out a filtering process on 
the weighing signal Ds using the one sequence {aj of the filter coefficients which has 
been calculated in the step s3. Further, the signal processor 5 outputs a result of the 
20 filtering process to the microcomputer, as the signal Xs, and the microcomputer displays 
the weight of the object on the display part such as a CRT. 

Then, upon receipt of a new value of the parameter x input by a user of the 
weight measurement apparatus, the data entry part 7 outputs the received new value to the 
filter coefficient calculator 6 in a step s5. 
25 As described above, change in type of an object or the like results in change in 
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a natural frequency of the weight sensor 1 and thus change in frequency of a natural 
frequency noise contained in the weighing signal Ds. In this connection, a user of the 
weight measurement apparatus inputs a value of the parameter x specifying a position of a 
band including a new natural frequency after the change, in order to surely eliminate the 
5 natural frequency noise, in the step s5. For example, information about the natural 
frequency of the weight sensor 1 for each type of object under measurement is previously 
prepared, and the user inputs a value of the parameter x to the data entry part 7 while 
referring to the information, each time the type of the object is changed. 

It is noted that though the structure described above is configured so as to 

10 require input of a value of the parameter x to the data entry part 7, the structure may 
alternatively be configured so as to allow a value of the parameter x to be automatically 
determined. For example, this alternative is possible in a weight measurement apparatus 
such as a weight checker in which a frequency which must be attenuated can be 
determined by determining a speed of a conveyor. Further alternatively, automatic 

15 determination of a value of the parameter x can be accomplished by carrying out 
frequency analysis by means of the FFT of a vibration waveform of the measurement 
signal or the like and then detecting a portion of the waveform which has the greatest 
amplitude. The structure may be configured so as to implement this procedure. 

Turning back to the flow chart, subsequently to the step s5, the filter coefficient 

20 calculator 6 substitutes the new value of the parameter x which is received from the data 
entry part 7 into the equation (2), and changes the one sequence { a* } of the filter 
coefficients to output a new sequence {a*} to the signal processor 5, in a step s6. As a 
result, the attenuation band in the filtering characteristics exhibited in the signal processor 
5 is moved from the initial band position to a band position specified by the new value of 

25 the parameter x. Then, in a step s7, the signal processor 5 carries out a filtering process 
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using the new sequence {aj of the filter coefficients obtained in the step s6, and outputs a 
result of the filtering process as the signal Xs. 

If there is a need of changing again the position of the attenuation band, the user 
inputs a further new value of the parameter x to the data entry part 7. Then, the steps s6 
5 and s7 are performed, so that the attenuation band is moved to a band position newly 
specified by the further new value of the parameter x. 

As is made clear from the foregoing description, in the weight measurement 
apparatus according to the present embodiment, the filter coefficients aj can be changed 
by using the parameter x specifying a band position of an attenuation band which is 
10 physical and thus easy to grasp. Accordingly, even when a frequency which must be 
attenuated in the signal processor 5 is changed due to change in the natural frequency of 
the weight sensor 1 or the like, it is possible to easily move the attenuation band by 
referring to information about a new frequency which must be attenuated. Therefore, a 
frequency of a noise in the weighing signal Ds, which is liable to be changed, can be 
15 filtered out easily and appropriately. 

Moreover, as shown in the equation (2), the filter coefficients a\ are obtained by 
a predetermined arithmetic expression. This eliminates a need of preparing multistage 
filters which are required in the method of JP 6-21814 described in the Background 
section, and a need of previously storing filter coefficients representing different 
20 characteristics. Therefore, a scale of a circuit necessary for a filtering process can be 
reduced, which makes it possible to provide a low cost weight measurement apparatus to 
users. 

Next, processes for determining values of the coefficients gi, j will be described. 
First, ideal amplitude characteristics M (e^* 0), in other words, reference amplitude 
25 characteristics, and a weight function W (e*"' <]) ) of a FIR filter in which a band position 
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of an attenuation band is variable are provided by the following equations (4) and (5): 



In the equations (4) and (5), " co p " represents a normalized angular frequency of 
an edge of a passband, " co s " represents a normalized angular frequency of an edge of a 
stopband, "w" represents a width of an attenuation band, and " <J) " represents a parameter 
controlling a band position of an attenuation band. Among those, a relationship co s < 
<I) < n — w is maintained. 

According to the present embodiment, an attenuation band in the reference 
amplitude characteristics extends over an angular frequency range (which will be 
hereinafter simply referred to as a "frequency range") from 0 to (0 +w), and a band 
position of the attenuation band is specified depending on a value of the parameter </> , as 
shown in the above equation (4). The band position of the attenuation band in the 
reference amplitude characteristics will hereinafter be referred to as a "reference band 
position" throughout the present specification. 

Subsequently, an optimum filter is designed for each of values 0 k (k = 0, 1,2, 
. . . K) which is to be substituted for the parameter </> . A larger value of "k" indicates a 
large value </> k- In the present embodiment, the optimum filter is designed through 



M(e ,<u - <!>)=< 



1 0 < | co | < cop 

0 CDs < | CD | < (p 

0 cp<| co | < cp-h w 

0 Cp-h W < I CD I < 71 



... Equation (4). 




... Equation (5). 
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successive projections method. Detailed description thereof will be made below. 

Given that the filter coefficients a\ provided when the values </> k are substituted 
for the parameter </> are filter coefficients aj s k, a frequency response H^", </> k ) of a 
digital filter provided when each of the values </> k is substituted for the parameter is 
expressed by the following equation (6): 

N 

H(e J m , 0 k) = 2 aj, k cosi co ... Equation (6). 

i=0 

Then, in order to obtain the filter coefficients a ly k through successive 
projections method, an error e( co ) found in an n-time calculation of repeated calculations 
is expressed by the following equation (7): 

N 

e(co) = |M(co) — Z a n i jk cosico | ... Equation (7). 

i=0 

In the equation (7), "M( co )" represents the reference amplitude characteristics 
M (e^' </> ). It is noted that a superscript "n" of the filter coefficients aj, k represents not 
an exponent, but the number of repetitions. 

Now, given that a frequency at which specifications are most slightly met is " co 
m" and a tolerance relative to the reference amplitude characteristics is " X ( co )", the 
following equation (8) is established: 

|e(o>M) — X (com)I = max |e( co )— X ( co )| ... Equation (8). 

toeall 

Given that a tolerance obtained when the weight function W(e ia> , (J) ) is equal to 
1 is " 5 the tolerance X ( co ) is expressed by the following equation (9): 

;i(co)= 6/W(co) ... Equation (9). 

In the equation (9), "W( co )" represents the weight function "W^", <i> )". 

As shown in the equations (5) and (9), a tolerance relative to the attenuation 
band in the reference amplitude characteristics which is employed in designing the 
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optimal filter is set to one-tenth of a tolerance relative to the other bands in the reference 
amplitude characteristics, depending on the weight function. 

The filter coefficients are updated in successive projections method by using 
the following equation (10): 



a i,k 



a i,k ~ 



{^(com)- eM}cos(icoM)sign(eM) 

N 

£cos 2 (i(DM) 

i=0 

if eM > A,(gom) 
a" k if eM<^(coM) 



Equation (10). 



In the equation (10), "e M " is equal to "e( co m)" 

The filter coefficients are repeatedly updated using the above equation (10) 
until they converge, in other words, until e M ^ X (co M ) , to thereby obtain optimum filter 
coefficients k. 

10 In this manner, K sequences^, 0 }, {as, i }, . . ., {a u K } of the filter coefficients aj, k 

are obtained based on respective reference amplitude characteristics which are obtained 
when 0 o, 0 u 0 k are substituted for the parameter <j> , as well as respective values of 
the weight function which are obtained when0o> 0 i, ...0 k are substituted for the 
parameter 0 . The optimum filter coefficients ai, k obtained based on the reference 

15 amplitude characteristics and the weight function will serve as reference filter coefficients 
a u ' (k = 0, 1, 2, ... K). 

Next, least square approximation is carried out on the reference filter 
coefficients sl^ k 5 using an Mth order polynomial bj(x) in the equation (2), to determine 
values of the coefficients g\ 7 j. 

20 To this end, a value bo( 0 k) obtained when any of the values 0 k is substituted 
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for the parameter x and the filter coefficients ao, k' are dealt with, first. The following 
equation (1 1) is provided: 

S = 2 (b 0 ( <]> k ) — ao, k') • . • Equation (11). 

In order to carry out least square approximation on the reference filter 
coefficients a; 9 k' using a polynomial bi(x), to calculate a vector Bo =[go,o go, i go, m] T 
which allows "S" in the above equation (1 1) to be minimized is statistically preferable, as 
is well known. A specific procedure for the calculation is to solve simultaneous 
equations given by the following equation (12) which shows conditions for obtaining 
maximum and minimum values, for "go, o, go, u . . go, m": 

dS =0, =0,..., =0 ...Equation (12). 



9go,o 3go,i 3go,M 

Then, expression of the equation (12) using normal equations is as follows: 
(X T X)B 0 = X T A 0 , k ... Equation (13) 



<p 0 (p 0 •» (po 1 

(P, (p, (pi 1 



9k 9k " <f>K I 



Equation (14) 



A 0 ,k= [ao,o ' ao,i ' ... ao,k '] T ... Equation (15). 

A matrix X for the equation (12) is obtained based on the values 0 k, and a 
vector A 0 , k is obtained based on the reference filter coefficients a l} k' which have been 
previously obtained through successive projections method. Accordingly, both "(X T X)" 
on the left side and "(X T A 0 ,k)" on the right side of the equation (13) can be obtained, so 
that the vector Bo can be obtained. 

A value bi( 0 k) and the reference filter coefficients ai s k\ a value b2( <i> k) and 
the reference filter coefficients a2, k\ and a value t>N(</>k) and the reference filter 
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coefficients aw, k' are dealt with by following the same procedures as described above, to 
obtain a vector Bi = [gi, 0 gi 9 1 . . . gi, m] T . 

According to the present embodiment, values obtained in the foregoing manner 
are employed as values of the coefficients gij in the equation (2), to thereby allow the 
5 parameter x to specify a band position of an attenuation band. 

Also, in the present embodiment, when the reference amplitude characteristics 
is defined as expressed by the equation (4), a value of the parameter x that a user can 
input should be within a range from (J) o to </> K , inclusive ( <p o =x = </> k). For example, 
if the user inputs the value <i> 0 as a value of the parameter x to the data entry part 7, a band 

10 position provided by a frequency range from</> 0 to (<J)o +w) is specified as a band 
position of the attenuation band. If the user inputs the value 0 K as a value of the 
parameter x to the data entry part 7, a band position provided by a frequency range from 
0 k to ( (J) k +w) is specified as a band position of the attenuation band. 

As described above, the user can specify a band position of an attenuation band 

15 within a frequency range from a reference band position in the reference amplitude 
characteristics provided when <J> = </> 0 to another reference band position in the reference 
amplitude characteristics provided when 0 = <p K , by means of the parameter x. Also, by 
previously preparing a table establishing a correspondence between a value of the 
parameter x and a band position of an attenuation band, the user can easily specify a 

20 desired band position. 

Additionally, the weight function W(e i w , </> ) determines a weight of a 
tolerance used in designing the optimum filter for each frequency range, as described 
above. Accordingly, attenuation in the attenuation band in the filtering characteristics 
exhibited in the signal processor 5 is specified depending on a value of the weight 

25 function (e ,<u , </> ) provided when a relationship 0 ^|co|^ </> + wis maintained. In the 
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present embodiment, attenuation in the attenuation band which is provided by the signal 
processor 5 is set to ten times of attenuation in the other bands in the stopband, as shown 
in the equation (5). 

Next, specific description will be made about how a band position of an 
attenuation band is changed on an axis of frequency depending on a value of the 
parameter x, by substituting specific numerical values for the coefficients gi, j. 

First, conditions are laid down as follows, for example. 



co p = 0.05 7z 



co s = 0.2 re 
10 w = 0.1tu 

5 = 0.042 
N= 10 



. Equation (16) 



... Equation (17) 
Equation (18) 
Equation (19) 
. . . Equation (20) 

Also, assume that 0 is in a range from 0.3 n to 0.4 n , inclusive (0.3 k ^ 0 ^ 
0.4 n ) and that discrete values obtained by dividing the range into 1 1 equal parts 
15 correspond to the values 0 k (k = 0, 1, 10). Then, 0 0 is 0.3 tz ( 0 0 = 0.3 n ), 0 i is 
0.31 tt(0 i = 0.31 tc), 0 2 is 0.32 7c (0 2 = 0.32 tc), and0 i 0 is O.4tc(0 l0 = 0.4 tc). 
Accordingly, a range of a value which can be substituted for the parameter x is 0.3 n 2Sx 
^0.4 7c. 

Figs. 4 through 8 are graphs showing amplitude characteristics of an optimum 
20 filter having the reference filter coefficients a l} k ' obtained under the above-noted 
conditions. Figs. 4 through 8 show the amplitude characteristics which are observed in 
situations where </> is </> o, 0 2, 0 5, 0 8, and 0 i 0 , respectively. The reference 
amplitude characteristics is assumed with respect to each of the situations shown in Figs. 
4 through 8, respectively, and a solid line 10 in each of the graphs denotes a reference 
25 band position (within a frequency range from 0 to ( 0 + w)) of each reference amplitude 
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characteristics. 

Referring to Figs. 4 through 8, it is appreciated that a band position of the 
attenuation band 9 in the optimum filter is changed in accordance with a value of the 
parameter <i> , and that an equal ripple property is found in bands other than the attenuation 
5 band 9 in the stopband. 

Next, the reference filter coefficients a\ t ^ obtained under the above-noted 
conditions are approximated by a fifth order polynomial (M = 5), to determine values of 
the coefficients gij, which are shown in Fig. 9. 

Figs. 10 through 13 are graphs showing amplitude characteristics of a filtering 
10 process which is carried out by the signal processor 5 while the values shown in Fig. 9 are 
employed as values of the coefficients gij in the equation (2). Specifically, Fig. 10 
shows characteristics exhibited when the values <p o, 0 i, ... and i 0 are substituted for 
the parameter x. Figs. 11, 12 and 13 show characteristics exhibited when 0.305 7c, 
0.355 7C and 0.395 7c are substituted for the parameter x, respectively. The reference 
15 amplitude characteristics is assumed with respect to each of situations shown in Figs. 11, 
12 and 13, respectively, and the solid line 10 in each of Figs. 11, 12 and 13 denotes a 
reference band position (within a frequency range from<£to (</> +w)) of each reference 
amplitude characteristics in the same manner as in Figs. 4 through 8. 

Referring to Fig. 11, when 0.305 k is substituted for the parameter x, 
20 attenuation becomes great in a frequency range from about 0.305 7c to 0.405 7c (a range 
denoted by the solid line 10). Also, referring to Fig. 12, when 0.355 7c is substituted for 
the parameter x, attenuation becomes great in a frequency range from about 0.355 n to 
0.455 7c. Then, turning to Fig. 13, when 0.395 7c is substituted for the parameter x, 
attenuation becomes great in a frequency range from about 0.395 7c to 0.495 7c . 
25 It is appreciated from Figs. 11,12 and 13 that attenuation becomes great locally 
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in a band position specified by the parameter x. Further, it is appreciated from Figs. 10 
through 13 that attenuation in the attenuation band 9 is about ten times (20 dB) greater 
than that in bands other than the attenuation band in the stopband. 

Fig. 14 shows a maximum error in the amplitude characteristics of the optimum 
5 filter having the reference filter coefficients aj, ^ obtained under the above-noted 
conditions and a maximum error in the amplitude characteristics of the filter used in the 
signal processor 5. The filter used in the signal processor 5 corresponds to a filter 
having the filter coefficients a\ which are approximated by an Mth order polynomial bi(x) 
including the coefficients gi, j having the values shown in Fig. 9. It is noted that 

10 frequency ranges ®, (2), (3) and ® in Fig. 14 are a frequency range of 0 ^ | co | ^ co p , a 
frequency range of co s ^ | co | ^ </> k , a frequency range of 0 k ^ I co | ^ 0 k + w ? and a 
frequency range of</> k -fw^|co|2S 7u , respectively. 

As shown in Fig. 14, the respective maximum errors of the optimum filter and 
the filter used in the signal processor 5 have the substantially same value as a result of 

15 approximating the filter coefficients by a fifth order polynomial based on one sequence {a i? 
k'lof the reference filter coefficients. 

As is made clear from the foregoing description, in the weight measurement 
apparatus according to the present embodiment, the filter coefficients ai can be changed 
by using the parameter x specifying a band position of an attenuation band which is 

20 physical and thus easy to grasp. Accordingly, it is possible to easily change a band 
position of the attenuation band. Therefore, a frequency of a noise in the weighing 
signal Ds, which is liable to be changed, can be filtered out easily and appropriately. 

Additionally, the number of the values <i> k (k = 0, 1, . . ., K) to be substituted for 
the parameter 0 used in obtaining the coefficients gy is preferably three or more (K^3) 

25 for the following reasons. 



21 

According to the present invention, an attenuation band with a width extending 
along an axis of frequency is moved by using the parameter x. As such, it is desired to 
bring a width of the attenuation band close to an appropriate band width (the band width 
w in the equation (4)) not only in opposite ends of a frequency range within which the 
5 band position of the attenuation band can be specified by the parameter x (which will 
hereinafter be referred to as a "specified frequency range"), but also in a middle portion 
of the specified frequency range. 

To this end, the number of the values k is set to three or more. This results 
in the sequences { ai s k'l of the reference filter coefficients being calculated based on not 

10 only reference amplitude characteristics in the opposite ends of the specified frequency 
range, i.e., reference amplitude characteristics exhibited when 0 = </> 0 and (/> = </> k , but 
also reference characteristics in the middle portion thereof. The sequences {a^k'} of the 
reference filter coefficients which have been calculated in that way is used in determining 
values of the coefficients gy in the equation (2). In other words, to set the number of 

15 the values </> k to three or more would allow the equation (2) for the filter coefficients to be 
derived from not only the reference amplitude characteristics in the opposite ends of the 
specified frequency range, but also the reference amplitude characteristics in the middle 
portion thereof. This prevents a considerable difference between the appropriate band 
width w and the band width of the attenuation band in the middle portion of the specified 

20 frequency range, as well as between the appropriate band width w and the band width of 
the attenuation band in the opposite ends of the specified frequency range. 

Moreover, though the above description in the present embodiment has been 
made with respect to a weight measurement apparatus, the present invention can also be 
applied to a general method of designing a digital filter. Below, a brief description 

25 about a method of designing a digital filter in which a position of an attenuation band is 



22 

variable will be made. 

First, a plurality of sequences {aj, k' }of reference filter coefficients are calculated 
from reference amplitude characteristics in the same manner as described above. 
Subsequently, values of the coefficients gi, j are determined using the calculated sequences 
5 {a i} k ' } , and the filter coefficients a\ f k of the digital filter are approximated by the equation 
(2). Then, a value is substituted for the parameter x in the equation (2), to obtain one 
sequence {a*} of the filter coefficients of the digital filter. 

In order to change the band position of the attenuation band in filtering 
characteristics, the value of the parameter x is changed to thereby change the filter 
10 coefficients. As a result, the attenuation band is moved to a new band position newly 
specified by the parameter x. 

By employing the foregoing method of designing a digital filter, it is possible to 
easily move an attenuation band. Accordingly, even if a noise frequency is liable to be 
changed, it is possible to eliminate a noise easily and appropriately. Further, as the filter 
15 coefficients are obtained by an arithmetic expression, there is no need for forming the 
digital filter with multistage filters which are required in JP 6-21814. Therefore, a scale 
of a circuit of the digital filter can be reduced. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
20 numerous modifications and variations can be devised without departing from the scope 
of the invention. 



